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ABSTRACT

This report is submitted to the National Aeronautics
and Space Administration, Manned Spacecraft Center by TRW
Systems in accordance with Task MSC/TRW A-4, Subtask
A-4.1, of the Apollo Mission Trajectory Control Program,
Contract NAS 9-4810., The purpose of this analysis is to
determine the effect of launchvehicle destruct action on the
Service Module, Lunar Module, and Spacecraft LM Adapter
following an abort of the mission. In particular, this report
is concerned only with Mission AS-504 and its associated

configuration and trajectory.
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1. INTRODUCTION AND SUMMARY

1.1 INTRODUCTION

This report is submitted to the National Aeronautics and Space
Administration, Manned Spacecraft Center by TRW Systems in accordance
with Task MSC/TRW A-4, Subtask A-4. 1, of the Apollo Mission
Trajectory Control Program, Contract NAS 9-4810. The purpose of the
analysis is to determine the effect of launch vehicle destruct action on the
Service Module (SM), Lunar Module (LM), and Spacecraft LM Adapter
(SLA).

Mission AS-504 of the Saturn/Apollo System uses the Block II
Command and Service Module configuration. The Saturn V launch vehicle
(Figure 4-1) will be used to boost the Command Module, Service Module,
LM-4, and third stage S-IVB into orbit.

This report presents the destruct induced environment realized by
the spacecraft, the mode of structural breakup, and the weight, lethal
areas, and initial velocities of the resulting pieces. Appendix A presents
a description of the spacecraft configuration for Mission AS-504. Appen-
dix B contains the analytical predictions of the structural capabilities of

the spacecraft components.

This report is similar in format to the report on Mission AS-206 in
Reference 1. However, the spacecraft configuration for Mission AS-504

is significantly different from that of Mission AS-206.

1.2 SUMMARY

This analysis considered only the ascent portion of the powered flight
up to orbital insertion for Mission AS-504, An abort of the mission during
this time will be initiated if the booster malfunctions or an impending
failure is indicated. The range safety officer will destroy the booster,
subsequent to the abort and dependent upon the time of flight, if the booster
and remaining spacecraft components appear to violate range safety con-
straints. This investigation analyzed the effect of such a destruction and
explosion on the SM, LM, and SLA. Effects of the destruct action upon the

escaping spacecraft configuration (LES/CM or CSM) were not evaluated.
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The analysis presented in this report considered two spacecraft con-
figurations for an abort during the powered flight. For flight from lift-off
to launch escape system jettison, the remaining spacecraft configuration
consisted of the SM, LM, and SLA. The second configuration was for
flight from LES jettison to orbital insertion and consisted of the LM and
SLA only. The SM was aborted along with the CM if an abort was initiated
during that phase of flight (SPS abort).

For the first spacecraft configuration considered, SM, SLA, and LM,
it was established that the overpressure would fail the SM aft bulkhead at
any altitude from lift-off to 125, 000 feet. Failure of the aft bulkhead will
very probably cause the SPS engine to penetrate and explode the lower SPS
helium tank. This explosion will then completely destroy the SM, SLA,
and partially destroy the LM. It has also been established that the over-
pressure alone could completely break up the LM ascent stage at any alti-
tude from lift-off to 95, 000 feet. The LM descent stage would completely
break up at any altitude from lift-off to 115, 000 feet. A partial breakup of
the LM ascent stage (outer skin failure only) was found to occur from
95, 000 feet to 130, 000 feet. The LM descent stage was found to partially
break up (outer skin failure only) from 115, 000 feet to 160, 000 feet.
Therefore, complete destruction of the SM, SLA, and LM could occur at
any altitude from lift-off to 95, 000 feet. It has been estimated that 832
pieces of debris would result from this destruction, presenting a total
lethal area of 14, 680 square feet. Complete destruction of the SM, SLA,
and LM descent stage, and partial destruction of the LM ascent stage may
occur from 95, 000 feet to 115, 000 feet. This destruction results in 726
pieces and a total lethal area of 13, 840 square feet. A partial breakup of
the LM (both stages) and complete destruction of the SM and SLA, could
occur from 115, 000 feet to 125, 000 feet. This breakup represent 647
pieces of debris and a total lethal area of 13, 290 square feet. From
125, 000 feet to 160, 000 feet the LM descent stage partially fails and the
remaining portions do not. This represents 65 pieces of debris with a
total lethal area of 2, 010 square feet. Above 160, 000 feet to LES jettison
no breakup occurs. Thus the remaining spacecraft components present

one piece of debris with a total lethal area of 1, 000 square feet.




If destruct action occurs after LES jettison, it has been estab-
lished that no breakup will occur due to the overpressure. For this
analysis it has been assumed that the four upper SLA panels break away
from the rest of the structure. Therefore, this situation represents 5

pieces of debris with 2, 520 square feet of lethal area.
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2, ABORT PHASES

The sequence of events associated with an abort of Mission AS-504
and the removal of the launch-escape subsystem/command module (LES/
CM) or command service module (CSM) is dependent upon both the time
of flight at which abort is required and the decisions of the range safety
officer. The effect of launch vehicle destruct action on the remaining
portions of the spacecraft is strongly dependent upon the altitude and
other trajectory parameters, These significant trajectory data were

obtained from References 2 and 3.

The following abort and destruct ground rules were assumed for this
analysis:

a) During the first 40 seconds of flight, destruct action will
definitely take place following an LES abort,

b) Subsequent to any abort during the powered flight, up to
insertion into orbit, the destruct signal will be sent if
the booster and remaining spacecraft elements appear to
violate range safety constraints.

c) An SPS abort can occur any time after LES jettison
has taken place, approximately 35 seconds after
S-IC cutoff. (Reference 4).
Therefore, based on these ground rules, the effects of launch vehicle
destruct action may be experienced during any part of the booster powered
flight until orbital insertion. A booster failure could also result in essen-

tially the same environment as the intentional destruct.
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3. ENVIRONMENT

Destruct action can be taken on the S-IC, S-II, and S-IVB stages
of the Saturn V launch vehicle. This study considered only the effects of
destruct action on the S-IVB stage. This selection was based on compar-
ing preliminary calculations of the effects of destruct action on the S-II

and S-IVB stages for the same station and altitude and on the relative
proximity of the stages to the spacecraft.

a) The S-IVB stage will always be involved in the destruct
action regardless of the flight time.

b) The S-IVB stage is significantly closer to the space-
craft. (For the station investigated the S-IVB was
three times closer than the S-II.)

c) The resulting incident shock overpressure for the
S-IVB was an order of magnitude greater than for
the S-II. (0. 8 psi compared to 0. 08 psi)

d) The resulting reflected shock overpressure for the
S-IVB was six times greater than for the S-IL
(38 psi compared 6 psi)

Thus the S-IVB stage yielded a more severe destruction environment.

The destruction system for the S-IVB stage consists of explosive
harness assemblies and linear shape charges (Reference 5). This system
splits the liquid hydrogen and oxygen tanks to disperse the propellants to
avoid a safety hazard. A more detailed explanation of this destruction
system is given in Reference 6. For this analysis, a one-percent mix of
the available fuel and oxidizer was assumed. This assumption was based

on the results of the study made in Reference 7.

The environment induced on the remaining spacecraft elements, as
a result of destruct action, consists primarily of a large overpressure.

The overpressure is strongly dependent upon the following:
a) Amount of propellants in the stage

b) Distance from the assumed point source of the explo-
sion (i. e., the liquid oxygen (LOX) tank base)

c) Altitude at which destruction takes place




The aerodynamic forces exerted on the spacecraft are significantly
smaller than those associated with the destruct environment. From
Reference 8, the maximum crush pressure on the SM during separation
at maximum dynamic pressure is 4 psi. When the Launch Escapé Vehicle-
SM separation distance is approximately 26 feet (2 diameters), the max-
imum burst pressure is 9 psi (Reference 8). Since the overpressure on
the SM is approximately 40 psi, the aerodynamic forces have been
neglected. The thermal effects have also been neglected, since the ther- :
mal pulse associated with the destruct action is assumed to be too short

to degrade the spacecraft structural capabilities significantly. '

For this analysis, it was assumed that when the destruct action took
place the remaining portions of the spacecraft were still intact with the
booster. Eight stations were selected at which the overpressure created
by this destruct action was determined. These eight stations are as
follows:

1) LM descent stage aft deck (534 in. from the explo-
sion center)

2) LM descent stage outer structure and SLA lower
panels (566 in, from the explosion center)

3) LM descent stage outer structure and SLA lower
panels (599 in. from the explosion center)

4) LM ascent stage outer structure and SLA upper
panels (649 in, from the explosion center)

5) LM ascent stage outer structure and SLA upper
panels (679 in. from the explosion center)

6) SM aft bulkhead (848 in. from the explosion center)
7) SM outer panels (880 in. from the ekplosion center)
8) SM outer panels (1003 in. from the explosion center)

The above stations are shown in Figure 3-1. The overpressure
environments for each station are presented in Figures 4-2 through 4-9
for any altitude from lift-off to orbital insertion. The method of calcu-
lating the overpressures and the three altitude regions shown in Figures

4-2 through 4-9 are explained in more detail in Reference 6.
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4., STRUCTURAL BREAKUP

The structural breakup of the remaining spacecraft elements after
an abort is highly dependent upon the Saturn/Apollo configuration used for
Mission AS-504 (Figure 4-1), The spacecraft consists of Block II
Command and Service Modules, a Spacecraft LM Adapter, and a Lunar
Module (LM-4), The Apollo spacecraft configuration is presented in

more detail in Appendix A of this report.

The minimum overpressures necessary to fail specific spacecraft
components are shown in Figures 4-2 through 4-9., These failure over-
pressures are based on the ultimate structural capability of the spacecraft
components neglecting any thermal effects. The failure overpressure cal-

culations are described in Appendix B of this report.

The effects of launch vehicle destruct action were considered only
on the SM, LM, and SLL A, The escaping spacecraft configuration (LES/CM
or CSM) was not analyzed in this study. The breakup mode was assumed
to be induced by the explosion of the S-IVB propellants, This explosion
causes an overpressure to rupture the LH2 tank dome and pass through
and around the IU, The overpressure then engulfs the LM, SLA, and SM.
It was assumed that failure of the SM aft bulkhead would cause the SPS
engine to penetrate and explode the lower pressurized SPS helium tank.,
Sufficient energy would then be created to cause complete breakup of the
SM and the SLA panels and a partial breakup of the LM. In addition to
the lower SPS helium tank, the SPS propellant tanks rupture, but since
the propellants are hypergolic, they should not be expected to explode,
However, if these propellants mix w1th the S-IVB stage liquid hydrogen
and oxygen propellants, an explosive mixture could result. The pres-
surized helium tanks in the LM were assumed to remain intact, The
explosion of these pressurized tanks would increase both the number of
pieces and the initial velocities imparted to the pieces, There is a low
probability of the tanks being penetrated and exploded because of the
thickness of the shell and their location in the LM,



Figures 4-2 through 4-9 show that as a result of the overpressure,
the following conclusions can be made with regard to the spacecraft
breakup:

a) The SM outer panels will fail if destruct action

occurs at any altitude from lift-off up to 95, 000
feet,

b) The SM aft bulkhead will fail if destruct action
occurs at any altitude from lift-off up to 125, 000
feet.

c) The SLA upper panels will fail if destruct action
occurs at any altitude from lift-off up to
115, 000 feet.

d) The SLA lower panels will fail if destruct action
occurs at any altitude from lift-off up to
115, 000 feet.

e) The LM ascent stage will fail if destruct action
occurs at any altitude from lift-off up to
95, 000 feet, Partial failure (outer skin failure
only) of the LM ascent stage will occur from
95, 000 feet to 130,000 feet,

f) The LM descent stage will fail if destruct action

occurs at any altitude from lift-off up to

115,000 feet., A partial breakup (outer skin

failure only) of the descent stage will occur

from 115, 000 feet to 160, 000 feet,
A partial breakup of the LM, where only the outer skin fails, results in a
reduction of the total number of pieces. Many of the pieces remain
attached to the descent stage or inside the pressurized midsection and

crew compartment.

It is difficult to analytically determine the nature of the breakup
because the breakup mode was assumed to be induced by explosion.
However, estimates were made as to the number, weights, and sizes of
the resulting pieces. Tables 6-1 through 6-6 give these estimates in
detail. The list shown below, gives a summary of the altitude ranges con-

sidered for breakup and the resulting pieces of debris.
a) Lift-off to 95, 000 feet, 832 pieces of debris

b) 95,000 feet to 115,000 feet, 726 pieces of debris




c)
d)
e)
f)

115, 000 feet to 125, 000 feet, 647 pieces of debris
125,000 feet to 160, 000 feet, 65 pieces of debris
160, 000 feet to LES Jettison, 1 piece of debris

LES Jettison to orbital insertion, 5 pieces of debris
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5. VELOCITY OF PIECES

The velocities of the spacecraft pieces relative to the spacecraft
frame were determined using the impulse method found in Reference 9.
The derivation of this method is shown in Reference 6, The constant
impulse method for calculating the fragment initial velocities will give a

conservative upper bound (i.e., the fragment velocities should not be
higher).

The initial incremental velocities of the pieces for the assumed
breakup modes are given in Tables 6-1 through 6-6. These velocities

were calculated for structural breakups occurring during the following

altitude ranges:
a) Lift-off to 95, 000 feet
b) 95, 000 feet to 115,000 feet
c) 115,000 feet to 125, 000 feet
d) 125,000 feet to 160, 000 feet
e) 160,000 feet to LES Jettison

f) LES Jettison to orbital insertion

5-1



6. LETHAL AREAS

A potential hazard to the surface of the earth will exist if any of the
pieces due to breakup survive their reentry environment., There are
several methods for calculating the potential lethal areas of the impacting

pieces, The method employed in Reference 6 was applied herein,

Tables 6-1 through 6-6 give the lethal areas of the impacting frag-
ments, The list below gives the altitude range for each breakup consid-

ered and the total lethal area resulting from breakup.

a) Lift-off to 95,000 feet, total lethal area -~ 14, 680
square feet

b) 95,000 feet to 115,000 feet, total lethal area -
13, 840 square feet

c) 115,000 feet to 125, 000 feet, total lethal area -
13,290 square feet

d) 125,000 feet to 160, 000 feet, total lethal area -
2,010 square feet

e) 160,000 feet to LLES Jettison, total lethal area -
1,000 square feet

f) LES Jettison to orbital insertion, total lethal
area - 2,520 square feet
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APPENDIX A

SPACECRAFT CONFIGURATION FOR
MISSION AS-504

t. CONFIGURATION

1.1 Service Module

The Service Module is designed to contain the systems and equip-
ment necessary to support the Command Module and SPS engine. The SM
used for this mission is of the Block II type. Reference 10 provides a
more complete description of the SM, which is shown in Figures A-1 and
A-2,

1.2 Lunar Module

The Lunar Module is designed to contain the systems and equipment
necessary to land, support, and return two astronauts from the ‘lunar
surface to the orbiting Command and Service Modules. Reference { pro-
vides a more complete description of the LM, which is shown in Figure
A-3,

1.3 Spacecraft LM Adapter

The Spacecraft LM Adapter is designed to house the LM from lift-
off to translunar injection. A more complete description of the SLA is

contained in Reference 6, it is also illustrated in Figure A-4,
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APPENDIX B

STRUCTURAL CAPABILITY OF SPACECRAFT ELEMENTS

1. INTRODUCTION

The overpressure realized by the spacecraft structural components
are caused by an explosion; therefore, the stresses realized will be the
results of impulse or impact loading, Reference i1 states that sudden
loading will generally cause approximately twice as much stress and
deflection as static loading. The failure stresses were calculated for
static loading and then reduced by a factor of 2 to account for the pressure
impulse loading. Structural degradation as a result of aerodynamic
heating and the thermal pulse caused by the exploding propellants was not
considered in this analysis, Such structural degradation will have a
negligible effect on the number of pieces, fragment size, and incremental

velocities resulting from destruct action.
2. SERVICE MODULE

The upper bound failure overpressure for the SM outer panels was
calculated to be 9 psi (Reference 6), The SM aft bulkhead upper bound

failure overpressure was calculated to be 16 psi (Reference 6).
3. SPACECRAFT LM ADAPTER

The upper bound failure overpressure for the SLA panels was cal-

culated to be 8,5 psi (Reference 10),
4. LUNAR MODULE

4.1 LM Ascent Stage

The LM ascent stage outer skin was idealized as a series of dif-
ferent sized rectangular panels shown in Figure B-1. The failure over-
pressures for these idealized panels (A through G and J) were calculated
to range from approximately 2 psi to 10 psi using the method outlined in
Reference 6, The crew hatch (H) failure overpressure was found to be

380 psi due to its construction of much thicker material.

The inner structure was idealized as shown in Figure B-2 and was

analyzed in a like manner as the outer skin, The failure overpressures

B-1




for panels 1 through 9 were calculated to range from 15 psi to 75 psi.
The aft midsection bulkhead was found to have a failure overpressure

of approximately 76 psi (Reference 1).

4,2 I.M Descent Stage

The descent stage outer skin was idealized into panels in the same
manner as the ascent stage, and is shown in Figure B-1, The calculated

range of failure overpressures was found to be 1.3 psi to 1.5 psi.

The inner structure was again idealized and analyzed as the ascent
stage, and is shown in Figure B-3. The side panels (1, 2, and 3) were
found to have a failure overpressure range of 10 psi to 50 psi, The
lower deck panels (4) were found to fail at any overpressure of approxi-

mately 215 psi.
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Figure B-2. Lunar Module Ascent Stage Inner Structure Panels




Lunar Module Descent Stage Inner Structure Panels

Figure B-3.
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